The XylS family consists of at least 8 different transcriptional regulators. Six of these proteins are positive regulators for the catabolism of carbon sources (benzoate and sugars) in Escherichia coli, Pseudomonas putida and Erwinia carotovora, and two of them are involved in pathogenesis in Escherichia coli and Yersinia enterocolitica. Based on protein alignments, the members of this family exhibit a long stretch of homology at the C-terminal end. The regulators involved in the catabolism of carbon sources stimulate transcription from their respectively regulated promoters only in the presence of effectors. In two of the regulators, mutations at the non-homologous Nterminus alter affinity and specificity for effectors while mutations at the conserved C-terminus part decrease activation of transcription from their corresponding regulated promoters. It is thus probable that the variable N-terminus end in this family of regulators contains the motif involved in effector recognition, while the C-terminal end is involved in DNA-binding. These proteins seem to be related by common ancestry and may act through similar mechanisms of positive regulation effected through similar folding patterns.
INTRODUCTION
. In the case of proteins that interact with DNA, the helix-turn-helix motif first described for the Lambda Cro protein (4) was first predicted and later reported in other DNA-binding proteins. Subsequently, the zinc finger domain described for the Xenopus transcription IIIA factor was also recognized in other regulators (5) .
The Pseudomonas TOL plasmid-encoded XylS protein is the positive regulator for the catabolism of benzoate and alkylbenzoates by this bacterium, and exhibits considerable homology with the Escherichia coli AraC protein, the positive regulator for arabinose metabolism (6, 7) . The AraC protein is moreover activated by benzoate to stimulate transcription from the ara promoters (8 (17) . The best short sequence location within the aligned sequences was used as a starting place to find the optimal alignment according to the algorithm of Smith and Waterman (18) . In the aligned sequences, between 35% and 56% of the amino acids were conserved and about 15% of amino acid residues were identical (not shown).
Multiple alignments were performed by a procedure similar to that recommended by Feng and Doolitle (19) and Barton and Stemnberg (20) . Starting with the P. putida XylS/E. coli RhaS pairwise alignment (the second member of the pair was chosen because it exhibited the highest similarity score to the XylS protein; see Figure 1 ), sequences were added in order of decreasing similarity to XylS. Where appropriate, gaps were introduced to conserve as far as possible the maximal score of similarity to XylS. Figure 2 shows the alignment of the eight proteins. From the multiple alignment, a consensus amino acid sequence was derived at each position on the basis of the following rule: the most frequent residue at each position is chosen if it occurs at least 3 times and if at least one of the other aligned residues is chemically similar (similar sets of amino acids were i) Ser, Thr, Pro, Ala, Gly; ii) Asn, Asp, Glu, Gln; iii) His, Arg, Lys; iv) Met, Ile, Leu, Val; v) Phe, Tyr, Trp; vi) Cys). Note that in the consensus sequence at the positions corresponding to residues 259 and 31 1 in XylS, two amino acids were incorporated because both of them were present 3 times and belonged to the same chemical group (tyrosine and tryptophan at position 259 and aspartate and glutamine at position 311). As Figure 2 illustrates, a long stretch of homologous amino acids was located at the C-terminus end, which covers about 1 AraC regulators led to altered effector specificity (7) . Two XylS mutants we obtained, namely 'mutant thr45' and 'mutant his4l' are activated by the ordinarily non-effectors 2-hydroxybenzoate and 3-methoxybenzoate, respectively, and also exhibit increased affinity for normal effectors (7) . This suggests that the N-end of the XylS protein is involved in the formation of the pocket to which the effector binds. In addition, in the E. coli strain B/r AraC constitutive mutants were isolated as resistant to D-fucose, an analogue of arabinose, which mapped at the N-terminal end of the AraC gene (21, 22) ; nine of these mutations are clustered within the coding region for amino acids 6 to 21 (Wallace, cited in 22) . We suggest that the unconserved N-terminal end specifies recognition for the specific effectors in this family of regulators.
Although mutations at the C-terminal end of XylS also result in regulators with altered effector specificities, i.e. Pro256-Arg and Asp288-Val, a characteristic of these mutants is their reduced capability to stimulate transcription from Pm promoters (7) . Mutations at the C-terminal end of the AraC protein also resulted in regulators with decreased induction levels from ara promoters (22) . In the case of an AraC mutant, in which Arg231 has been substituted by Hys, it is been shown that the Ara mutant becomes less able to bind specifically to ara promoters (22) . Recently it has been found that the residues 208 and 212 of the E. coli AraC protein apparently contact regulatory ara DNA sequences (23) . It has been suggested that the stretch of amino acids between 196 and 215 probably forms the helix-turn-helix domain involved in DNA-binding (23) . A mutation in the corresponding aligned sequence of the XylS protein, namely Ser229-Leu, resulted in a XylS mutant that constitutively activated transcription from the Pseudonwnas TOL plasmid metacleavage pathway operon (L. Zhou and J.L.Ramos, unpublished).
We suggest that the C-terminal end in the XylS/AraC family of regulators contains the domain(s) responsible for DNA binding. This functional organization contrasts with that proposed for the LysR family of regulators (15) , where greater homology is found at the N-terminal pat of the proteins than at C-terminal portion. It was suggested (15) that the C-terminal end was involved in interactions with the inducer while the N-terminal part was responsible for DNA-binding.
Several stretches of amino acids from P. putida XylS, chosen because they are conserved in the XylS family of proteins were used to search for homology with other proteins in the Swiss Protein Bank (release 9) using the algorithm of Needleman and Wunsch (17) as implemented by Dayhoff (14) . For amino acids between 230 and 244, which form part of a putative helix-turnhelix DNA binding domain, homology to the regulatory Ada protein (involved in the SOS response in E. coli (24) ) was found. The stretch of homology in the Ada protein corresponds to amino acids 228 to 242, with a homology of 100% to the corresponding aligned consensus sequence if the occurrence of permissive substitutions is accepted. This protein has been assigned to the XylS/AraC family by Henikoff et al. (25) . However, significant homology to the other regions was not found in the best alignment, and according to the algorithm of Needleman amino acids 282 and 301 exhibits homology to some sigma factors (6) . In the corresponding aligned sequence of the AraC protein, two mutants were isolated which were not able to autoregulate their own synthesis but nonetheless conserved 50% of the wild type induction capability from ara promoters (22) . A mutant XylS, Asp288-Val, also exhibited reduced induction capability with effectors (7) . The stretch of amino acids between 153 and 163 in Saccharomyces cerevisiae GAL4 (26) , the stretch of amino acids between 218 and 328 in Drosophila mojavensis invected protein (27) In the search for homology with different stretches, similar sequences were found in other proteins which in principle are unrelated to these regulators. The conservation of these sequences in different regulators and proteins may represent domains involved in the folding pattern and thermodynamic stability, properties which may form the basis for their selection. We cannot exclude that some of these proteins may act as regulators, although such a function has not been described for them yet. In fact certain proteins are known to have dual functions, i.e. lactate dehydrogenase enzyme, which in addition to its dehydrogenase activity also can act as a single-stranded DNA binding protein, and enolase in yeast, which in addition to its enzymatic activity also acts as a heat shock protein (30, 31) .
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Finally, two of the regulators, i.e. the P. putida XylS and the E. coli AraC proteins, recognize benzoate as an effector but were unable to substitute for each other in the activation from their regulated promoters (C. Michan and J.L.Ramos, unpublished). They therefore might share a similar effector-binding pocket but have different DNA-binding sequences. In summary the data obtained by sequence alignment when viewed in the light of the properties described in several mutants of the XylS and the AraC proteins, suggest that the N-terminus end of this family of transcriptional regulators is involved in effector recognition, while the C-terminus end is involved in binding to DNA.
